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COHPUTER GRAPHICS IN HEAT-TRANSFER SIE’ULATIONS

Griffith Hamlin, Jr.
Los Alamos Scientific Laboratory

Los Alamos, New Hexico

Computer graphics can be very us(!ful in the setup of heat transfer
simulations and in the display of the results of such simulations. The
FotCn’ ial use of recently available low-cost graphics devices in the setup
o: such simulations has not been fully exploit(?d. Several types of Rral)h-
lcs d~vices and their potential usefulness are (.liscusscd, and some c“ontig-

uracions of graphics equipment arr prrsentcd in the low-, mpdium-, and
high-price ranges.



1. Introduction

Simulation of heat transfer during solidification has progressed over
the years until now it is reported to have reached a point where its appli-
cation to industrial problems can be considered. There are essentially
three steps in performing such a computer simulation; the problem setup,
the actual heat-transfer simulation, and the displaying of results of the
simulation.

Computer graphics deals with the computer hardware and software needed
to display and manipulate computer-drawn pictures. Where can computer
graphics help in heat-transfer simulations? Computer graphics can make its
largest contribution in the first step, problem setup. In this step, the
user specifies to the computer a two- or three-dimensional heat-transfer
mesh cocslsting of nodes, boundaries between various materials, thermal
properties of various materials, etc. This mesh, being a model of a physi-
cal object, has an inherent graphical representation. Therefore it seems
natural to use computer graphics input devices to specify it. However,
:omputer graphics is not yet in general use in this step due to a lack of
rtiad~!:? available software. This may be due, in part, to the tlvailability
onlj~ I cently of inexpensive graphics devices, and in part to the different
sty’.? of software design needed for interactive applications as opposed to
applications designed for batch execution, The next section of this paper
will consider this ptoblem setup in detail,

In the second step, the thermal analysis calculations, computer graph-
ics cannot providp muc-h help, This step is traditionally performed on
large> mainfr:~me comllrtcrs. Ihere now exist several well-known computer
programc for pf’rf’orming, this step.

The third ste~), the display {’f results, can and is using computer
graphics . (’l]tput in the form of’ ch~rts, graphs, (some with color showi[lg
Lcn]pt’rature v:iri:it ions, some with temperature contours, etc. ) arc in
modt’r.~te usc now. NCIW, inexpenslke color-display devices will sur~~ly
Pxpand LI IIS us Jge. S(’rtion 3 will consider this step in more df?tililo

[n Scrt ion 4 we con! igilrr a few examples of computer graphics systems,
using rco[iily avai IJI]I( compuflents suitblc for use in Ileat-transf(tr simu-
I;itioils,

Setting up ii moderately romplex problem for any of th~ well-known
heat -tr(lnsfer arl.ilysis progriliilS (an be tedious and costly in terms of th~
t im(~ lr(lllirc(l to perform the initial setup iIml modify il urltil all errors
i]rr L’limin;]tr(io Mesh generator progriims have helped some in this arr
t{owt’ver, these programs still rrl~uir~ the usrr to specify an inllercn’ II
gr+~phiral ol~j~ct (a mesh) in a nongraphiral way: slipplying a datil file of
coordinates of nodes, t~l]ml}ering of nodes all(~ [~dges for later reference,
etc. It is (ii ffic’ult to rtet.ect errors in this textual representation of
the mrsh. iler~ntly availnbl~t low-test graphics input devires of all kinds
havr the potrntitil to gre,ntly simplify the problrrn set.up phase of computer
siml!l:lt ions, LIIUS rliminai.ing one of’ the remoining obstoclcs to its more
WideSprci!d UCP, In this section, we wil! consider how each of ReveInl such
irlput devi(’rs r(IIld be IJsr(l irl thr setup 0[ heat transfer prol)lems. WP

hoi)(I t.lli]t this m~y heli] motivilt(’ the produttiorl of’ tile rf*quirrd softv!,lrr,



Locator Devices

Locator devices are graphical input devices that are used to specify
an x,y position or series of positions. The data tablet is such a device,
and it is a natural device for entering the positions of mesh nodes, ma-
terial boundaries, etc. A data tablet consists of a flat rectangular pad
with electronic sensing devices underneath. An electronic pen or stylus is
moved over the rectangular tablet area, and the sensors can detect the po-
sition of the stylus on the tablet , usually with an accuracy of about 1/10
millimeter. Software that samples this position several times per second
can be used to enter freehand sketches or tracings of parts into t“le com-
puter. The SL/lUS typically contains a small switch that closes when the
tip is pressed down on the tablet surface. This can be used to indicate
specific positions of nodes or other objects in the mesh. Data tablets
come in various sizes, from about a foot square to four or five feet on a
side. Smaller sizes can be purchased for about $7J0, with lar~er sizes
ranging to several thousand dolla:s.

Other locator devices include joysticks, thumbwheels, trackballs, and
various combinations of buttons and switches that control the position of a
small indicator, called a cursor, upon a display screen. The user moves
the cursor to the desired position with the device and then indictites this
to the computer by some action, Although these devices are relatively
inexpensive, they ty~ically cannot provide the accuracy and overall versa-
tility of a tablet. With tablets recently available in the $700 range, I
think their use will become widespread.

Pick Devices..———

A light pen or any of a class of devices kncwn as “pick” devices are
very useful for correcting errors or making changes in heat transfer
meshes. A lighL pen can be used to point at ;in area of the display screen
to indicate to the software the particular point or edge of the mesh the
user wants to move or delete or modify in some way. Usually, nodes and
sides of mesh areas are numbered in input data files. The numbers are used
to specify nodes upon which the user wants to perform some operatiou. With
the ability to pcint at variou~ nodes, there is no longer a need for the
user to be aware of their numbers. This ability ~ I graphical input devices
to specify various mesh components on a display WITHOUT NAHING THE COM-
PONENTS is perhaps their most useful characteristic ior fixing errors and
modifying meshes. For less expensive grapnics systems, a data tablet or
other locator device can bc made to simulate a pick device by a graphics
software technique known as “correlation.” Similarly, a pick device can be
made to simulate a locator device. Thus one device can usually be used
successfully to perform both types of functions.

Textual In~ut Devices—....—.—.-.— —.- ——

A keyboard or other traditional Lextllal input dev’ce can be ured for
specifying boundary conditions, However, many of the”t parameters, such as
inii.ial temperatures, are numeric quantities that need not be specified
with grt..~t accuracy (not over three significert digits], For these param-
eters, varil,:ls typ~s of knobs and dials can, with ~n appropriate viqual
indicator ou the display screen, be used ~s “valuator” devices for quickly
indicatirlg to the computer an approximate value of something. However,
when a very accurate or exact value is required, a keyboard is usually
used ,



Software

Software controlling the graphical devices should allow the user to
operate them in a natural interactive man/machine “dialogue.” One useful
technique is to display, along one side of the graphics display, a list or
“menu” of comands that the user can select. Pointins at one of these with
an input device is invariably ●asier and less error prone than typing com-
❑ands on a keyboard,

Software comands would nomally include the functions available on
current ❑esh-generating programs, such as the ability to specify lines and
curves for sides of meshes and the ability to indicate how to divide ❑esh
segmects with ●qual or proportional spacing. In addition, well-designed
software would include comands for allowing any part of the mesh to be
deleted, ❑oved, or modiiied in various ways. Also, the graphics system
software should provide camands for quickly defining or retrieving prede-
fine, often-used geometric shapes from disk storage, positioning them with
knobs, tablet, ●tc. , into the currect position as part of a larger ❑esh
geometry. This facility is quite useful after the system has been in use
for a while and a library of commonly used pieces has been built up. Other
such libraries could contain material properties (melting points, specific
heats, and various other thermal coefficients) of commonly used materials
to be called up by the user. Thus the user need only specify material
types and normally need not remember and enter the various properties of
the Imlterial for each and every problem using that type of material.

3. Graphics in Display of Results

Display D~vices

Use of any locator device should be coupled with a CR’i or some other
type of display that shows the effect upcn the mesh of the user’s actions.
Recently, several low-cost raster-scan Gisplay devices have become avail-
able that use TV technology parts and low-cost memory. These displays
allow Lhe user to selec~ively erase and redraw specified parts of the pic-
turp, so that he can instantly view the results of correctin8 errors in a
mesh. This is not possible with traditional storage tube displays without
erasing the entire screen and redrawing the modified image. In addition,
color is available on raster-scan displays. Using color to indicate dif-
ferent materials in a heat-transfer mesh can be very effective. Host inex-
pensiv~ color displays of this type still suffer from poor resolution, but
that should improve in the near future.

When purchasing such displays, resol’’tion and the number of simultane-
ous displayable colors are probably the two most important parameters.
Displays using TV standards can achieve resolutions of up to 640 x 480 pix-
●ls. However, t.xpcrlence has shown that useful work can be done with much

less resolution, namely, in the 2011 x 200 range. Displays in this resolu-
tion class arc quite inexpensive (a few hundred dollars to about $3,000).
‘f’hey will have most trouble displaying meshes with ❑any curved boundaries,
and the least trouble with meshes with mostly vertical and horizontal boun-
daries, For tiner meshes, the graphics software should provide ● “zoom”
capability to allow the UKr to quickly zoom in on an area of interest in
the mesh.

Color shading techniques ●re well suited for displaying variations in
temperature, streos, or other scalar functions over ●n ●rea of the heat



mesh. For less expensive displays without color or shading capabilities,
contour lines of constant temperature, pressure, etc. , can be used.

Hardcopy Devices

Devices for producing hardcopy pictures, especially color hardcopy,
have heretofore been rather expe~sive or not available, However, within
the last year inexpensive ($3,000 and up) color-camera attachments have
become available that will attach to ❑ ost raster-scan displays and produce
a Polaroid picture within a minute. For better quality hardcopy, pen
plotters with ❑ultiple-color pens are now available at moderate prices
($1,100 to $4,500). These devices, however, will require several minutes
to plot a moderately complex mesh , and a very long time to plot color-
shaded images. They are probably most useful for producing that one last
hardcopy when everything is correct, to be used for presentation of
results. Ink-jet plotters allow good quality with much fa~ter plotting
speeds than pen plotters, but are considerably more expensive. Impact
plotters with three-color ribbons provide moderate quality and moderate
speeds (’2 minutes for a moderately complex shaded plot) for prices in the
$12,000 range.

4, Examples of Graphics System Configurations

Small System—

A very inexpensive home computer, such as the APPLE II, Ohio Scien-
tific, or North Star, can be the basis for a small graphics system capable
of setting up and displaying results for small to moderate heat transfer
problems. The limiting factor in this system will be the resolutio~~ o’ the
display and ~he memory available to hold the data describing the input mesh
tnd results, Components required are the central processor, as much memory
as one can afford (usually 65,000 bytes), a colur TV for display, small
floppy disks, small pen plotter (such as the Hollston In:;trument HI-PLOT),
small 12-inch data tablet (such as the Summagraphics BI’I’-P.4D-ONE), and a
small printer, These components can be obtained for about $5,500 to
$6,500.

Medium S~tem. .... . ..- .— —.—.

A medium-size graphics system can be configured from a small minicom-
puter such as the DEC LSI-11/23; a hard disk, such as receutly-announced
models from Advanced Electronic Design or Data SysLt’ms Design In the 10- to
20-megai)yte capacity range; zn inexpensive ($2,000) system terminal Like!
the Letir Seagler ADM-3A terminal with bla{>k and white graphics option; and
the same tablet, p]oLter, and printer as in the small system described
above, Such a system will cost approximately $18,000,

A large systrm mi~ht em})loy a vector refresh black-and-white display
with three-dirnen siontjl t“apabiltties for tackling full three-dimensional
simulation medel.s (ioe,, where no symmetry can be ~sed to reduce the dimen-
sionality) , Megatek, Ve(tor Ge[lt?ral , ●nd other companies make such systems
that interface to minicomputers, such as a DEC PDP-11/34 or similar mini-
computers, With largti disks, a faat el,~ctrostatic or ink-jet
printer/plotter, tablet, llght pen, a~,d joystick, sllch a system would be in
khe $60,000 to $100,000 range.



5. Summary

Several types of inexpensive graphics devices nave recently become
available that can be used in heat transfer problem setup and display if
the proper software exists to make use of them. TO be maximally effec:”’re,
this software shculd use the graphics devices in an interactive reamer,
coupled with a pictorial display of the mesh that is being created or modi-
fied. Inexpensive raster-scan display devices as well as inexpensive hard-
copy devices are also available. All of this equipment can now be usefully
employed in the problem setup phase and the result display phase of heat
transfer simulations.


